Abstract-Recently there has been significant interest in the development of autonomously Unmanned Aerial Vehicles (UAVs), especially the rotor-based robots, which are highly maneuverable and can vertically take-off and land. However, the discharge characteristics and charge storage capacity limitations of their lithium-ion battery can restrict their flight time endurance. The utilization of an automatic drone charging station is therefore desirable for these robots. This paper proposes a fully automatic contactbased charging station for UAVs to recharge UAV's and thereby solve the UAV's flight endurance limitations. The ground station comprises square-shaped copper plates of consecutively polarized positively and negatively in the form of a chess board with specific dimensions to ensure electrical contact when landing. The design methodology employed with the charging station accounts for the variations of the orientation of the UAV after landing on the platform. Furthermore, this innovation employs an autonomous recharging process after touchdown. Subsequently, this technology relaxes usual flight time constraints and improves overall mission times. The UAV equipped with a suitable hardware circuit the onboard circuit consists of six bridge diode rectifiers to modulate the polarity of the four UAV's contact terminals that allows autonomous recharge regardless of the yaw angle between UAVs and the charging pad platform, this, in turn, simplifies landing protocols. The result shows that the charging circuit successfully charged the UAV battery until 12.5v.
INTRODUCTION
Lightweight electric Vertical Take-Off and Landing (VTOL) Unmanned Aerial Vehicles (UAVs) are becoming increasingly popular. The near limitless potential of these vehicles is due to their compact size high maneuverability, which makes them an ideal solution for various applications including surveillance, monitoring, and couriers [1] , The payload of a UAVs can vary, typical payloads include highresolution cameras, infrared cameras, and other sensors.
Noteworthy applications for these UAV's include medical implementation [2] , and also Forest Fire detection and fire monitoring and measurement [3] .
Rotor type UAV's generate lift using high-speed propellers driven by high-power brushless DC motors, And the Multicopter control system hardware that most often comprises of a Central Processing Unit (CPU) and stability sensors, such as accelerometers and gyroscopes, and these electronic circuits consume some power. However, the rotor motors account for the most significant power drain, since multi-rotor UAVs need to continually generate lift force to move against gravity. This continual flight power drain limits the operational range of the Multi-copter [4] [5] .
In most cases on-board power sources are lithium-ion battery cells or batteries, these high energy density lithium batteries are commercially available permit a flight time of about 20-40 min [6] [7] . Therefore, it is evident that there is a requirement to charge a multi-copter immediately after landing, to extend the operational time of the aircraft. Traditionally this charging operation requires direct human intervention and results in a delay before the vehicle can start to recharge. To overcome this delay, necessitates the design of an automatic charging procedure, after the multi-copter lands on a charging station. The solution must commence fast charging without human intervention to optimally reduce the charging time.
To prolong the flight time and to provide the ability extended missions [8] three other methods are commonly used:
(1) To equip the UAV with higher battery capacity, but this inevitably results in an increased weight with a consequent reduction of the payload.
(2) To create a docking method to automatically swap batteries upon landing [9] [10] . This solution reduces the landing time of UAV, but the solution requires additional complex mechanical elements, which increases the cost and makes the solution impractical [11] .
(3) To wirelessly transmit power to the UAV, while in flight [12] . One such solution implements a high-energy laser beam. This method is feasible but costly to implement, as high-energy laser-emitting stations are required [13] but presents a severe health risk with the potential to damage human eyes [14] , and risks violation of the Federal Aviation Administration (FAA) Laser Safety Initiative [15] . Another method of airborne wireless power transmission uses Wireless Power Transfer (WPT) technology, which electromagnetically transmits power in the microwave spectrum from a ground base to the UAV [16] , it is omnidirectional and attractive for UAV applications. However, this is prone to environmental attenuation issues [17] .
Researchers at the Massachusetts Institute of Technology [13] and ETH Zurich have devised a contact based autonomous recharging station for UAVs. That charging solution requires contact with mechanical electrodes, and the UAV needs to precisely land on the charging station, which eventually increases the control complexity and hence affects the cost of the overall system [18] . That system uses a Vicon Camera System which gives the exact position data of both the UAV and the ground station. However, we should acknowledge that the Vicon Camera System cannot be used outside and instead GPS sensors should be used even though they possess some intrinsic position errors [19] . Those fundamental GPS sensor errors [20] will cause platform docking difficulties and hence increases the likelihood of recharging failures. This paper proposes an alternative solution for a contact based automatic drone charging station utilizing an innovative onboard charging circuit. This UAV system increases the level of autonomy by forgoing human intervention to charge upon landing. The adopted concept has been derived from [21] , [22] that are addressed a charge controller with a DC voltage matching between the source and load. The charging is performed when the aerial vehicle lands on a ground platform and the contact terminals that attached on each of the UAV skids connected to the ground platform, which is made up from alternate polarised square copper areas. The drone does not need to undock from the landing pad and can quickly take off unhindered. The drone can land with its skids in contact to the platform in any orientation. Charging commences automatically and requires no human intervention.
II. EXPERIMENTAL SETUP
This work proposes a solution for the uncertainty of UAV landing in recharging process through a direct contact with a ground charging platform which configured as a chess pad of a consecutive copper plate of positive and negative polarities. 
A. Pad Area calculation
To indicate the area of the charging pad, a repeatability test of UAV landing has been performed throughout attempting 20 times of same takeoff, trip, and landing again. Marking the landing position is occurred after each trip to trace the coverage area that UAV landing each time for same flight conditions. The purpose of this test is to measure the maximum landing error over the XY plane to calculate the dimensions of the ground station charging pad. The results of those attempts are shown in Fig 2. 
B. On-board circuit diagram
A four spring contact pins, one per each leg of the drone, are wired to the polarity modulator circuit. Six diode rectifiers are used, all their positive are soldered at one point and the same for the negative terminals, while their other two input terminals are connected to the four drone's pins and configured to cover all the probability of polarity alterations. The two output terminals are connected to the main terminals of the onboard battery of the drone. The configuration diagram of the proposed system is shown in Fig. 3 Fig . 3 . A configuration diagram of the proposed system Fig. 3 illustrates the configuration of the diode bridges, they function as to provide single polarity supply to the drone battery regardless of the drone orientation, the number of contact pins (2-4), and whether each pin contact has positive or negative polarity. The voltage at the drone battery terminals has been adjusted to a level equivalent to its full charge voltage with taking into consideration the drop voltage of the forward diodes. this system configuration is developed for the robustness to overcome the misalignment conditions due to the landing error. Drone landing precision is difficult to achieve due to variabilities in environmental conditions and the necessary flight compensation is dependent the accuracy of the landing assistance system. The electronic configurations of the onboard circuit are optimized to reduce the weight of the components reducing complexity and cost. Battery charging regulation is performed at the ground station to reduce the UAV payload.
III. RESULTS AND ANALYSIS
This configuration negates any misalignment conditions due to landing tolerance. This aspect is critical in outdoor drone applications since landing precision is hard to achieve due to variabilities in environmental conditions and inherent inaccuracies of the landing assistance systems. The onboard electronic circuits are optimized to reduce the weight, circuit complexity and cost. The regulation of the battery charging is performed on the supplying (ground station) side to reduce payload and space. The probabilities that predict the number of landing occurrences ( ) can be expressed by:
Where the disconnection pin occurrences are exclusive, that represent the landing on the chess-pad with less than 4 contacts.
Using this concept multiple test flights were performed with the quadcopter for each landing pad setup. As the figure 2 shows, the maximum distance of the rectangular sides is less than 2.5 meters as absolute values, the centre of the developer platform is the centre of a 2.5m square.
To supply a regulated 12.5V output the input voltage is set to 13.75 V this balances the full charge voltage of the onboard battery. The charge current and the voltage during the charging process is shown in Fig 4 and 
IV. CONCLUSION
This study presents an optimal tile configuration of contacts for a UAV landing charging platform. All UAV onboard components are very light, and the circuit design is very compact to reduce payload and circuit board area. This study innovates six sets of diode bridges connected to and four spring contact pins on the drone skids. These sprung contacts interface with the landing platform design to efficiently and autonomously commence battery recharging upon landing.
However, this design has limitations and is prone to shortcircuit issues caused by precipitation. Future work could be undertaken to overcome these issues. The landing pad design could compensate for moisture issues to resistively sense the changes in load between adjacent pads. In turn, could limit current flow in the ground-based platform and act as short circuit protection. Also, a heating element could be added to evaporate moisture after precipitation subsides. Other advancements are possible for the outdoor and indoor independent power sources for the ground station. Developing this platform promises to be an efficient and extensive scalable system for UAVs charging systems.
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